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Abstract: The biodiversity－productivity relationship is an important topic in the research of biodiversity and ecosystem function. The plant diversity－productivity pattern is commonly unimodal
and positively correlated. This paper researches the characteristics of plant diversity-productivity
patterns in the Bayanbuluk alpine steppe in the central Tianshan Mountains, Xinjiang, China, and
analyzes the effects of environmental factors on the distribution of plant communities, species
composition, plant diversity and productivity in the steppe. The results show a positive correlation
between plant diversity and productivity. DCCA (detrended canonical correspondence analysis)
ordination reveals a significant relationship between the effects of air temperature, soil moisture
content, available soil nitrogen, relative humidity and pH value on the distribution and composition
of plant communities. There are significant correlations between the soil moisture content, relative
humidity, pH value, air temperature and species richness and the aboveground biomass of
Gramineae and Cyperaceae, and also significant correlations between the relative humidity, pH
values and the total aboveground biomass of plant communities.
Keywords: Tianshan Mountains, plant diversity, productivity, DCCA ordination, alpine steppe, environmental factor

1 Introduction
The biodiversity－productivity relationship is an important topic in research relating to biodiversity and
ecosystem functions, and is particularly useful for
ecosystem management (Zhang and Zhang, 2003; Bai,
et al., 2007). Steppe is an important component of terrestrial ecosystems, and the primary productivity is the
integrated reflection of the structure and function of
steppe ecosystems. Important research has been undertaken relating to the relationship between the plant
diversity and productivity of steppe environments, but
most of this research was carried out under controlled
experimental conditions (Tilman et al., 1996; Hetor et
al., 1999). Ecologists dispute the designs and results of
these experiments (Grime, 1997; Kaiser, 2000); they
considered that the species extinctions in the natural
ecosystems were not stochastic. The interaction between the biological environment and the abiological
environment was partially considered only in selecting
the species for the controlled experiments, and the

significance for predicting the species extinction in the
natural ecosystems was not so important (Kahmen et
al., 2005). The plant diversity－production patterns of
natural communities can factually reflect the stable
adaptability of species diversity in ecosystems during
their long-term evolution. Therefore, more attention
should be paid to natural plant communities in researching the relationship between biodiversity and
ecosystem function (He et al., 2003; Wang et al.,
2004). In recent years, foreign scientists studied plant
diversity－productivity patterns of steppe environments in the USA and Europe (Rajaniemi, 2003; Cardinale et al., 2004; Guretzky et al., 2007), while some
domestic scientists carried out related research in Inner Mongolia and the Qinghai-Tibetan Plateau of
China (Bai et al., 2001; Han et al., 2007; Ni et al.,
2007). Most of these studies revealed positive unimodal correlations between biodiversity and ecosystem
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function.
Mountains are characterized by compact environmental gradients, habitats with high heterogeneity, and
low disturbance intensity, and they are important sites
for conserving biodiversity (Fang, 2004; Yang et al.,
2004; Du et al., 2003). The effects of environmental
factors on the species diversity and the primary productivity of ecosystems have attracted the attention of
many ecologists in recent years (Bai et al., 2008;
Klimek et al., 2007; Lorenzo et al., 2007). Studies in
China were mostly carried out in steppes in the Qinghai-Tibetan Plateau and Inner Mongolia (Wang et al.,
2007; Zhou et al., 2008), but less in the Tianshan
Mountains (Hu et al., 2007; Li et al., 2007). Most
studies aimed to qualitatively describe the possible
effects of environmental heterogeneity on plant diversity － productivity patterns. Further research was
nee- ded on how the environmental factors affect the
plant diversity － productivity patterns of alpine
steppes. This paper quantitatively analyzes the plant
diversity－productivity patterns of the Bayanbuluk
alpine steppe in the Tianshan Mountains and their interactions with environmental factors based on soil,
climatic and aboveground biomass data. The purposes
of the study were to provide the scientific basis to explain the relationship between the plant diversity and
the ecosystem functions, and to provide theoretical
support for the work of restoring, regenerating and
managing degenerated mountain steppe ecosystems in
western China.

2 Study area and methods
2.1 Study area
The Bayanbuluk alpine steppe (42º18′ － 43º34′N,
82º27′－86º17′E) is located in the southern piedmont
of the central Tianshan Mountains, it is 270 km long
from east to west and 136 km wide from south to
north, and its elevation varies in the range of 2 340－
4 618 m a. s. l. The steppe is composed of the Large
Yultuz Basin, Small Yultuz Basin and hilly steppe areas, and is surrounded by mountains. The Large Yultuz
Basin is ellipse-shaped, and slopes southeastward.
Swamps are distributed in its central part, and the famous Swan Lake Nature Reserve is located in it; the
Small Yultuz Basin is rectangular in shape, and slopes
southwestward. A well-developed alluvial plain is lo-
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cated in its central-northern part. The soils include
alpine meadow soil, alpine meadow-steppe soil, alpine
steppe soil and alpine swamp-meadow soil. The alpine
meadow topsoil is dust colored and slightly porous,
and has a humus layer that varies in thickness in the
range of 15－20 cm. The alpine meadow-steppe soil is
springy with fine granular structure, and has a humus
layer of similar thickness to alpine meadow topsoil.
The parent material of the alpine steppe soil is loess,
and the topsoil is dry and compact. Alpine meadowsteppe soil is deep, and the topsoil is springy. It belongs to the typical high-cold climate, which is arid,
cold and windy, where the average monthly temperature in January is the lowest (−27.4°C), and that in
July is the highest (11.1°C). The annual temperature is
−4.8℃, annual precipitation is 276.2 mm, the snow
cover duration varies in a range of 150－180 days, and
there is no absolute frost-free period. In the steppe,
there are 262 plant species in 160 genera and 50 families. The steppe types include the alpine steppe, alpine
meadow steppe, alpine steppe meadow, alpine meadow, mountain shrubbery meadow and alpine swamp
meadow.
2.2 Location of sample plots and the survey design
A belt transect was located near Bayanbuluk Station
for Steppe Ecology Research, Chinese Academy of
Sciences (2 460 m a. s. l.). The station is located at the
bottom of the Large Yultuz Basin on the Bayanbuluk
alpine steppe. Along the belt transect, a sample plot,
30 m×30 m, was located every 100 m in elevation (the
highest sample plot being 3 260 m a. s. l.), and 7 quadrats of 1 m×1 m were randomly located in each sample
plot. The plant species in the sample plots were
recorded, and the richness of plant species was
regarded as a measuring index of plant diversity (Table 1). The plants were divided into 3 categories - the
Gramineae, Cyperaceae and ruderals, and the values
of aboveground biomass and the indoor air-dried grass
weight for each category were measured to provide
indexes of steppe productivity. The elevation, longitude and latitude of each sample plot were recorded
using GPS.
2.3 Measurements and methods
Measurement of air temperature and relative
humidity
In the elevation range of 2 460－3 260 m, nine data
2.3.1
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Basic data of the sample plots in the Bayanbulak alpine steppe
Aboveground biomass
(Mean ± SD, g · m−2)

Longitude (E)

Latitude (N)

12

75.9±18.7 b

83º42.186'

42º52.808'

11

66.5±8.2 c

83º35.582'

42º53.408'

46

11

52.2±11.1 e

83º28.727'

42º53.622'

50

12

64.1±9.7 c

83º22.307'

42º54.335'

B

60

13

53.2±5.1 e

83º16.286'

42º55.492'

C

74

13

62.1±11.5 d

83º11.173'

42º54.860'

3 060

D

100

17

107.4±9.6 a

83º06.727'

42º54.469'

3 160

E

100

16

107.3±15.5 a

83º03.020'

42º54.455'

3 260

F

74

11

83º02.604'

42º54.957'

Elevation (m)

Steppe type

Vegetation
coverage (%)

Number of
species

2 460

A

54

2 560

A

50

2 660

A

2 760

A

2 860
2 960

70.7±11.6 bc

A. Alpine steppe of Stipa purpurea + Festuca ovina; B. Alpine steppe meadow of Kobresia capillifolia + S. purpurea; C. Alpine meadow of Carex stenocarpa
+ K. capillifolia; D. Alpine meadow of Alchemilla tianschanica + C. stenocarpa; E. Alpine meadow of K. capillifolia + C. stenocarpa; F. Alpine meadow of K.
capillifolia + Polygonum viviparum.

loggers (HOBO Pro RH/TEMP) were installed to derive the values of air temperature and relative humidity in July and August for each of the sampling plots,
and the average values were used in the analysis.
2.3.2 Measurement of soil moisture content
Three sampling sites were randomly selected in each
sampling plot to collect soil samples in June, July and
August. Soil samples were collected at 5 depths (0－
10, 10－20, 20－30, 30－40 and 40－50 cm) at each
sampling site, and soil moisture content was measured
gravimetrically.
2.3.3 Measurement of soil nutrient content
Three sampling sites were randomly selected in each
sample plot to collect soil samples. Soil samples were
collected at 5 depths (0－10, 10－20, 20－30, 30－40
and 40－50 cm) and placed in sealed plastic bags for
transport to the Soil Testing Laboratory, Xinjiang Institute of Ecology and Geography, Chinese Academy
of Sciences, where samples were dried. Values for the
soil content of organic matter, available nitrogen,
available phosphorus, available potassium and pH
values were measured using the potassium dichromate
method, distillation method, molybdenum-antimony
resistance colorimetric method, flame photometer
method and mixed indicator colorimetric method respectively.

the DCCA ordination of plant species using the matrix
significant values for species and environmental factors. The calculation of the significant values is based
on the equation:
V = ( Rc + Rh + R f ) / 3,

where, V is the important value, Rc, Rh and Rf are the
relative cover, relative height and relative frequency
respectively.

3 Results and analysis
3.1 Characteristics of the plant diversity－productivity pattern of the alpine steppe
After analyzing data for aboveground biomass and
species richness measured from 63 sample plots (Fig.
1), the results reveal that the species richness in the
alpine steppe and the alpine steppe-meadow is low,
but that in the alpine meadow is relatively high. The

2.4 Data processing and analysis with software
The SPSS 11.0 software was used to analyze the
measured data and carry out the difference test, and
LSD was used to undertake the multiple comparisons.
The Canoco for Windows 4.5 was used to carry out

Fig. 1 Relationship between the species richness and the
aboveground biomass
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aboveground biomass varies in a range of 36.7－127.6
g/m2, and it is relatively high in the alpine meadow.
There is a significant positive correlation between the
species richness and the aboveground biomass (R2 =
0.24, P < 0.01).
3.2 Effects of environmental factors on the distribution of plant communities and species
composition
DCCA ordination showing the effects of environmental factors on plant community distribution and
species composition, is put forward based on DCA and
CCA, and can be used to explain the relationships
between environmental factors and vegetation in an
intuitive way. Table 2 shows that the eigenvalues of
the first three axes of DCCA are 0.717, 0.339 and
0.200 respectively. There are high correlations between the first ordination axis and the air temperature,
soil moisture content, available N, relative humidity
and pH value.
Figure 2a shows the ordination results of plant species on the ordination axes. Along the first axis, Stipa
purpurea, Festuca ovina, Agropyron cristatum, Poa
pratensis, Leymus tianschanicus, etc. grow under the
environmental conditions of relatively high air

Fig. 2
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temperature and pH values but relatively low soil
moisture content and relative humidity, and they separate from the alpine meadow species, such as Kobresia
capillifolia, Carex stenocarpa, Polygonum viviparum,
Leontopodium nanum, Rhodiola gelida and Alchemilla
tianschanica. Figure 2b shows the ordination results of
the sample plots on the ordination axes, which can be
basically divided into 2 groups. Along the first axis,
the first, second, third and fourth sample plots belong
to the alpine steppe. In these plots the typical communities of S. purpurea and F. ovina are found under
conditions of relatively high temperature and low soil
moisture content, and L. tianschanicus, A. cristatum, L.
leontopodioides, Plantago stepposa, P. pratensis, are
also present. The sixth, seventh, eighth and ninth sample plots belong to the alpine meadow, their habitat is
characterized by low temperature and high soil moisture content, and K. capillifolia, P. viviparum, L. nanum, R. gelida, A. tianschanica, etc. grow here. The
fifth sample plot belongs to the alpine steppe meadow,
and there is no obvious separation between the alpine
steppe and the alpine meadow based on the measured
plant and environmental characteristics. C. stenocarpa,
Pulsatilla campanella, S. purpurea grow in this environment.

DCCA ordinations of plant communities and species in an alpine steppe

In Figure 2a, the numbers from 1 to 9 mean the serial numbers of the sample plots. air temperature (AT), relative humidity (RH), pH value (pH), soil
moisture content (SMC), organic matter content (OM), available N (N), available P (P), and available K (K). In Figure 2b, the abbreviations in the
figures are as follows: Poa pratensis (Poapr), Primula algida (Prima), Kobresia capillifolia (Kobrc), Festuca ovina (Festo), Stipa purpurea (Stipa),
Leymus tianschanicus (Leymut), Potentilla bifurca (Poteb), Oxytropis sp. (Oxytg), Leontopodium leontopodioides (Leonl), Agropyron cristatum (Agroc), Taraxacum tianschanicum (Tarat), Pedicularis verticillata (Pediv), Gentiana decumbens (Gentd), Carex stenocarpa (Cares), Potentilla multifida
(Potem), Ligularia alpigena (Ligua), Pulsatilla campanella (Pulsc), Polygonum viviparum (Polyv), Achillea millefolium (Achim), Thalictrum alpinum
(Thala), Erigeron aurantiacus (Eriga), Draba sp. (Draba), Allium schoenoprasoides (Allis), Papaver croceum (Papvc), Alchemilla tianschanica
(Alcht), Androsace algida (Andro), Koeleria cristata (Koelc), Plantago stepposa (Plans), Schultzia crinita (Schuc), Myosotis caespitosa (Myosc),
Pedicularis pseudocurvituba (Pedip), Leontopodium nanum (Leonn), and Rhodiola gelida (Rhodig).

No.1
Table 2
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Correlation coefficients between the DCCA ordination axes and the environmental factors
Axis

AX1

Air temperature (℃)
Relative humidity (%)

AX2

AX3

−0.9586

0.0482

0.0788

0.8510

0.2880

−0.2738

−0.8274

−0.1544

0.0238

Soil moisture content (%)

0.9185

−0.0349

−0.0201

Organic matter content (g·kg1)

0.5227

−0.2834

0.2345

pH value

1

Available N (mg·kg )

0.8340

0.0460

0.3200

Available P (mg·kg1)

−0.1259

−0.2099

0.3860

1

−0.5767

−0.3211

−0.0154

0.339

0.200

Available K (mg·kg )
Eigenvalue

3.3 Effects of environmental factors on the diversity of plant communities
The values of species richness in all the sample plots
were averaged, and a correlation analysis performed
between the species richness and environmental factors. The results show that there are significant positive correlations between species richness and soil
moisture content (r = 0.743) and relative humidity (r =
0.705) in 9 sample plots, and significant negative correlations between species richness and pH value (r =
−0.764) and air temperature (r = −0.674).
3.4 Effects of environmental factors on the productivity of plant communities
The aboveground biomass of Gramineae was high in
the study area, averaging 53.4 g/m2. (However, it was
low－only 2.8 g/m2－in the alpine meadow.) Aboveground biomass of Cyperaceae was high in the alpine
meadow, where it averaged 58.4 g/m2, but was low
(only 1.6 g/m2) in the alpine steppe. There were significant correlations between the aboveground biomass of Gramineae and the air temperature (r = 0.896),
relative humidity (r = −0.796), soil moisture content (r
= −0.787), pH value (r = 0.67) and available nitrogen
(r = −0.703). There were also significant correlations
between the aboveground biomass of Cyperaceae and
the air temperature (r = −0.855), relative humidity (r =
0.814), soil moisture content (r = −0.85), pH value (r
= −0.737) and available nitrogen (r = 0.805). These
are consistent with the study results of the ordination,
indicating that local species of Gramineae grow in arid
environment with low relative humidity, but the situation for the plants of Cyperaceae is contrary. The correlation analysis reveals that there were significant
correlations between the total aboveground biomass of

0.717

Cyperaceae and the relative humidity (r = 0.763) and
pH value (r = −0.699).

4 Conclusions
Species composition in natural plant communities is
the result of long-term adaptation of species to environment. Natural factors, such as moisture, temperature and soil conditions, affect directly the growth of
plants. DCCA ordination results reveal that air temperature, soil moisture content, available N, relative
humidity and pH value, affect significantly the distribution and composition of plant communities in the
study area. The alpine steppe species, such as Stipa
purpurea, Festuca ovina, Agropyron cristatum and
Poa pratensis, grow under the environmental conditions with relatively high air temperature and pH value
but relatively low soil moisture content and relative
humidity, and they separate obviously from the alpine
meadow species, such as Kobresia capillifolia, Carex
stenocarpa, Polygonum viviparum, Leontopodium
nanum and Rhodiola gelida.
Recent research results have revealed that plant
diversity－productivity patterns that were unimodal
and in a positive correlation mode, and that the pattern
was affected by the scale of the research (Whittaker
and Heegaard, 2003). Bond considered that the plant
diversity and the productivity pattern were unimodal
on a regional scale and in a positive correlation on a
local scale (Bond and Chase, 2002). Guo considered
that the positive or negative correlation belonged to
one inclined line of the two in the unimodal pattern
(Guo and Berry, 1998), and the unimodal pattern was
not recognized possibly due to the small scale. This
study reveals that there is a positive correlation between the plant diversity and the productivity pattern
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plant diversity and the productivity pattern in alpine
steppe in the Tianshan Mountains. This is possibly the
general pattern of plant diversity and productivity pattern of alpine steppe, and such finding agrees with the
results of the research carried out in the Qinghai-Tibetan Plateau and Inner Mongolia steppe.
Moisture and temperature are important factors in
determining the plant diversity and productivity of
steppe communities. This study reveals that the species richness and the aboveground biomass of
Gramineae and Cyperaceae in the alpine steppe are
jointly affected by soil moisture content, relative hu-

Vol. 1

midity, pH value and air temperature, and there are
significant correlations between the total aboveground
biomass of communities and the relative humidity and
pH value. The study has also identified the possibility
that plant diversity and the productivity of communities are affected by small scale changes of soil nutrients.
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